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FACTORS FOR CONVERTING INCH-POUND UNITS TO
INTERNATIONAL SYSTEM (SI) UNITS

Factors for converting inch-pound units to metric units
are shown below to four significant figures. In the text,
metric equivalents are shown only to the number of signifi-
cant figures consistent with the accuracy of analytical
determinations or measurements.

Multiply By To obtain

inch (in.) 25.4 millimeter (mm)

foot (ft) 0.3048 meter (m)

mile (mi) 1.609 kilometer (km)

square mile (mi2) 2.590 square kilometer (km2)

cubic foot per second cubic meter per second
(Ft3/s) 0.02832 (m3/s)

foot per mile centimeter per kilometer
(ft/mi) 18.9 (cm/km)

square foot per day square meter per day
(ft2/d) 0.09290 (m2/d)

gallons per _minute liter per second
per foot [(gal/min)/ft] 0.2070 per meter [(L/s)/ml

micromho per centimeter microSiemens per centimeter
at 25° Celsius at 25° Celsius
(umho/cm at 25°C) 1.000 (uS/cm at 25°C)

Throughout this report water temperatures are reported in
degrees Celsius (°C). Temperatures may be converted to
degrees Fahrenheit (°F) equivalent with the following for-
mula:

°¢ - 1.8°C+32

vi



BRINE CONTAMINATION OF SHALLOW GROUND WATER
AND STREAMS IN THE BROOKHAVEN OIL FIELD,
LINCOLN COUNTY, MISSISSIPPI

By Stephen J. Kalkhoff
ABSTRACT

A hydrologic investigation to define areas of brine con-
tamination in shallow freshwater aquifers commonly used for
domestic water supplies and to define contamination of
streams that drain the Brookhaven 0il Field was conducted
from October 1983 to September 1984. The Brookhaven 0il
Field covers approximately 15 square miles in northwestern
Lincoln County, Mississippi. Since 1943, disposal of
approximately 54.2 million barrels of brine pumped from the
0il producing zone (lower part of the Tuscaloosa Formation)
has contaminated the Citronelle aquifer, the Hattiesburg
aquifers and streams that drain the oil field.
Approximately 5 square miles of the shallow Citronelle
aquifer contain water with chloride concentrations higher
than normal for this area (greater than 20 milligrams per
liter). Brine contamination has moved from the source
laterally through the Citronelle aquifer to discharge into
nearby streams and vertically into the underlying

Hattiesburg aquifers. Contamination is most noticeable in



Shaws Creek when streamflow originates ©primarily from
ground-water inflow (approximately 87 percent of the time

during the study).

Additional study 1is required to define contaminant
plumes, rates of ground-water movement and gechydrochemical
reactions between the contaminant and aquifer materials.
These data would allow accurate predictions of 1location,

extent and degree of contamination in the study area.















































































































concentration is significantly greater than in the control
stream and is evidence of source(s) of contamination
upstream of site 10 other than that entering from the two
tributaries sampled.

Discharge increases from 1.77 ft3/s at site 10 to 4.34
ft3/s at site 12. Tributary number 3 (site 11) contributes
2.33 ft3/s to the total at site 12. The remaining 0.24
ft3/s enters Shaws Creek directly from ground-water inflow.
Again, using the equation above, it is found that the mean
chloride concentration of the 0.24 ft3/s is 6.8 mg/L.
Within the margin of error, 6.8 mg/L is the background con-
centration (table 3) of typical water from the Citronelle
aquifer; therefore, only the contaminated water entering
Shaws Creek between sites 10 and 12 is from tributary 3.

SUMMARY AND CONCLUSIONS

The Brookhaven 0il Field covers approximately 15 mi2 in
northwestern Lincoln County, Miss. Disposal of approxi-
mately 54.2 million barrels of brine, pumped from the oil
producing formation (lower part of the Cretaceous Tuscaloosa
Formation) since o0il production began in 1943, poses a
threat of brine contamination to shallow freshwater aquifers
and streams in and near the o0il field. A hydrologic
investigation was conducted from October 1983 to September
1984 to define (1) areas of brine contamination in shallow
freshwater aquifers commonly wused for domestic water
supplies, and (2) contamination of streams draining the
Brookhaven Q0il Field.

The Citronelle Formation and three layers (A, B, and C)
in the Hattiesburg Formation contain sufficient saturated
permeable material and serve as aquifers in the study area.
Water in the Citronelle aquifer 1s generally moving from
ridges to nearby streams and may be recharging underlying
Hattiesburg aquifers while water in Hattiesburg aquifer A is
generally moving toward the south. Streams into which water
from the Citronelle aquifer is moving are West Bogue Chitto,
Shaws Creek and their tributaries. Flow in West Bogue
Chitto and Shaws Creek is maintained during periods of no
rain (low flow) by inflow from the Citronelle aquifer.
During the study low flow occurred approximately 70 and 87
percent of the time in West Bogue Chitto and Shaws Creek,
respectively.

Generally, ground water from the Citronelle aquifer in
the study area contained more dissolved solids than the
Citronelle aquifer outside the o0il field. The median speci-
fic conductance--an indicator of dissolved solids
concentration--was 149 uS/cm in the study area compared to
44 uS/cm outside the study area. In the study area sodium
and chloride concentrations were significantly greater and
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the median sodium/chloride ratio (0.54) was close to that of
the brine contaminant (0.49).

Several distinct areas of the Citronelle aquifer in the
Brookhaven 0il Field have chloride concentrations greater
than 20 mg/L and are considered contaminated. Seven con-
taminated areas with a total area of 5 miZ that range in
size from 0.20 to 2.5 miZ are scattered throughout the oil
field. Chloride concentrations in the contaminated areas
range from 20 to 730 mg/L.

Brine contamination was also found in the deeper
Hattiesburg aquifers. Water from wells Gé65 and G181
completed in the Hattiesburg aquifer had chloride con-
centrations of 980 and 120 mg/L, respectively. The calcu-
lated sodium/chloride ratios were similar to that of brine
in the Tuscaloosa Formation brine. Analysis of water from
well Gl indicate increasing levels of contamination as indi-
cated by an increasing chloride concentration from 1949 to
1968.

Differences between water quality in streams draining
the Brookhaven 0il Field (Shaws Creek and West Bogue Chitto)
and the control stream are apparent during low streamflow
periods. Concentrations of ions generally associated with
oil field brines (calcium, sodium, chloride, bromide, and
strontium) were significantly greater in West Bogue Chitto
and Shaws Creek than at the control site on Sweetwater
Creek. During low-flow periods, water in Shaws Creek had
chloride concentrations in excess of 20 mg/L. Although
higher than in Sweetwater Creek, chloride concentrations in
West Bogue Chitto remained less than 20 mg/L during low
flow. After a rain, specific conductance rose then
decreased as discharge increased, indicating a contaminant
was being transported overland into West Bogue Chitto.

In conclusion, shallow freshwater aquifers, less than
300 feet deep in the Brookhaven 0il Field, have been con-
taminated by the introduction of brine (produced as by-
products of o0il production) from the Tuscaloosa Formation.
Approximately 5 mi2 of the shallow Citronelle aquifer con-
tains water with chloride concentrations higher than normal
for this area (greater than 20 mg/L).

Brine contamination has moved from its source laterally
through the Citronelle aquifer to discharge into nearby
streams and has moved vertically into underlying Hattiesburg
agquifers.

Ground water which discharges into Shaws Creek con-
taminates the stream more noticeably at streamflows less
than 10 ft3/s. Chloride concentrations in West Bogue Chitto
at streamflow less than 10 ft3/s were higher than in the
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control stream. An increase in specific conductance after a
small rise in discharge indicates a possible surface source
of contamination in West Bogue Chitto.

Movement of brines into the deeper Hattiesburg aquifers
has contaminated these aquifers in several areas in the o0il
field.

The results of this study has served to delineate speci-
fic areas of brine contamination and will be useful in
siting sources of future domestic ground-water supplies.
Additional data are needed to further define contaminant
plumes, rate of contaminant movement, and geochemical reac-
tions between the contaminant and aguifer materials. These
data would allow hydrologists to more accurately predict the
location, extent, and degree of contamination in the
Brookhaven 0il Field.
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Table 2.--Records of wells in the Brookhaven 0il Field

Station Alti- Well Water-
Well Identification Location tude depth bearing
Number  Number Owner Sec. T. R. (ft) (ft) unit
B0O38 313705090330801 Albert Eutrekin NESE36 08N O06E 500 100 121CRNL
CSO1 313714090322101 Lamar Case Jr. (Spring) SENW31 08N O7E 480 - 121CRNL
C016 313707090302901 Wayne Smith SENW33 08N O7E 460 56 121CRNL
€017 313653090290201 C€ L Dunn SESE34 08N O07E 495 50 121CRNL
€018 313652090291201 Vicki Kinsey SWSE34 08N 07E 500 65 121CRNL
C019 313722090295801 T Smith SENE33 08N 07 492 63 121CRNL
C020 313754090303301 Odee Smith NESW28 08N 076 492  —-
€021 313856090311501 Zannie Hunt SWNE20 08N O07E 470 40 121CRNL
C022 313854090312501 J W Hunter NESW20 08N O7E 475 200 122MOCN (C)
C023 313808090311601 James Britt SWNE29 08N O07E 485 300 122MOCN (C)
€024 313826090303401 James E Smith SESW21 08N O7€ 483 49 121CRNL
€025 313747090300501 Claude Britt SESE28 08N O07E 492 60 121CRNL
€026 313853090315701 Robert Adams Jr. SENE19 08N O07E 475 45 121CRNL
C027 313838090321601 Maxie Mathis SWSE19 08N O07E 480 40 121CRNL
€028 313823090324401 Elmer Cockeram NWNW30 08N 07E 465 200 122MOCN (C)
C029 313707090300001 Neil Lewis NESE33 08N DO07E 490 80 121CRNL
C030 313718090300601 J B Smith SENE33 08N 07E 495 -
C031 313616090301001 Herman Smith SWNE33 08N 07 495 60 121CRNL
€032 313706090312201 Kirby Humphries NWSE32 08N O07E 478 100 121CRNL
C033 313706090315701 Lamar Case NESE31 08N O07€ 455 55 121CRNL
€034 313709090313701 Evonne Maxwell NESW32 08N O07E 485 -
€035 313714090301501 Jerry Bullock SWNE33 08N O07E 490 70 121CRNL
€036 313700090304401 Ed B Smith NWSW33 08N 07E 460 30 121CRNL
€037 313709090300801 Ricky Smith NWSE33 08N 07E 478 75 121CRNL
C039 313704090310001 Alan Dale Smith NESE32 08N 07E 495 90 121CRNL
C045 313733090322001 Clarence Allen NWNE31 08N O07E 430 28 121CRNL
€080 313552090292801 Vivian Smith 472 118 121CRNL
F020 313550090334201 Jack B Smith SWSW01 07N 06E 415 85 121CRNL
F021 313319090331201 Johnnie Watts SWSE24 07N 06E 482 80 121CRNL
F022 313349090331001 Frank Jacobs Jr. SWNE24 07N O06E 470 180 122MOCN (A)
F024 313627090331101 R.H. Williams NENEOL 07N O06E 440 87 121CRNL
F027 313418090331401 Percy Wilson NWSE13 07N D06E 480 98 121CRNL
F028 313417090331801 Wessie Wiltcher SWSE13 07N 06E 470 60 121CRNL
F041 313504090344301 Paul B. Smith SWSW1l 07N 06E 450 80 121CRNL
G001 313523090311001 California Co. SWNEDO8 07N 07 -- 200 122MOCN (B)
G025 313600090295801 Bryant Johnston SENEO4 O7N 07E 492 150 122MOCN (B)
G056 313344090312401 U L Day SENW20 07N O07E 500 81 121CRNL
G057 313350090314201 S McFadden SWNW20 07N 07 495 100 121CRNL

46




Table 2.--Records of wells in the Brookhaven 0il Field--Continued

Station Alti- Well Water-
Well Identification Location tude depth bearing
Number  Number Owner Sec. T. R. (ft) (ft) unit
G058 313512090314701 H Case NWSW08 07N 07E 492 80 121CRNL
G059 313523090311601 Elvin Smith NWSEO8 07N 07E 495 80 121CRNL
G060 313540090320401 C Case NENEQ7 O7N 07 450 100 121CRNL
G061 313542090315301 J Case Jr. NWNWOB 07N Q7E 456 85 121CRNL
G062 313541090315301 J Case Jr. NWNWOB 07N O07E 458 45 121CRNL
G063 313433090312801 C A Watts SENW17 07N 0O7E 480 65 121CRNL
G065 313347090312101 Aaron Acord SWNE20 07N 07E 492 182 122MOCN (A)
G066 313618090321101 J McCurley SWNEO6 07N 07€ 460 50 121CRNL
G067 313433090315701 H R Owens SENE18 Q7N 07E 475 150 122MOCN (A)
G068 313347090312102 Aaron Accord SWNE20 Q7N O07E 492 308 122M0CN (B)
G069 313512090315201 D Ballard SWSw08 07N O0O7E 485 85 121CRNL
G071 313622090321201 Rayburn Bowman SWNEO6 07N O7E 440 256 122M0CN (C)
G072 313630090292201 Dale Smith SWNWO3 07N O07E 485 80 121CRNL
GO73 313622090294601 Art Ostman SWNWO3 07N 07E 500 120 121CRNL
G074 313335090295601 Jack Hostetler NESE21 07N 0O7E 432 120 122M0CN (A)
GO75 313339090395501 Gene Simmons NESE21 07N 07 433 100 122MOCN (A)
G076 313616090294401 G Adkins NWSW03 07N O07E 495 -
GO77 313616090293801 Gary Norton NWSWO3 07N 07 492 -
GOBl1 313602090295701 B Jones SESEQ04 07N O07E 483 80 121CRNL
G082 313605090293201 Clyde Norton NESWO3 07N O07E 487 45 121CRNL
G083 313552090292401 Jimmy Dale Smith SESW03 07N 07£ 470 S0 121CRNL
G084 313628090303301 J P Drummand SENWO4 07N O7E 495 -
G085 313628090310101 T J Smith SENEOS 07N 07€ 485 100 121CRNL
GOB6 313626090311001 M R Smith SWNEOS 07N 0O7E 48BS 65 121CRNL
G087 313612090311001 Jinnie Reeves NWSEDS 07N O07E 425 60 121CRNL
GOB8 313559090311501 Willis Smith SWSEQS 07N Q7€ 500 80 121CRNL
G089 313629090304001 Charles E Maxwell SWNW0O4 07N 07E 493 70 121CRNL
G090 313632090305101 Dewey Smith NWNWO4 O7N 07E 498 S0 121CRNL
G091 313227090322801 Robert Watts SESW30 07N O07E 493 65 121CRNL
G095 313341090303201 Glen Thompson SENW21 07N 07E 460 30 121CRNL
G097 313345090322201 Versie King SWNE19 07N 07€E 500 175 122MOCN (A)
G098 313411090322301 John C Thomas SWSW17 07N Q7€ 490 95 121CRNL
G099 313429090313001 Doug Warren NESW17 07N 07E 472 48 121CRNL
G100 313518090314301 Earl Case MWSWOB 07N O07E 493 90 121CRNL
G104 313452090315001 Edgar Lee Smith NWNW17 07N O07E 482 65 121CRNL
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Table 2.--Records of wells in the Brookhaven 0il Field--Continued

Station Alti- Well Water-
Well Identification Location tude depth bearing
Number  Number Owner Sec. T. R. (ft) (ft) unit
G106 313357090315501 Wendell Laird NENE19 07N Q7€ 497 100 121CRNL
G107 313443090320001 Billy Reed NENE18 Q7N O0O7E 475 120 121CRNL
G109 313537090312101 Willie C Case SWNEG8 07N O07E 460 79 121CRNL
G110 313558090304501 Charles W Smith SWSW04 07N 0O7E 495 100 121CRNL
G111 313627090320501 Jeane Meek NENEO6 07N O07€ 450 220 122MOCN (C)
G114 313536090320401 Charles Case NENEQ7 07N O7E 450 84 121CRNL
G117 313550090324901 William Buddy Case SWSW06 07N 07€ 431 73 121CRNL
G118 313407090315501 Eugene Case SESE18 07N 07E 474 69 121CRNL
G119 313545090312701 Hosie Smith NENWO8 07N O07E 475 98 121CRNL
G121 313525090312201 Felton Case SENW0O8 07N 07 502 80 121CRNL
G125 313542090301001 Betty McDonald NENEO9 07N 07E 472 30 121CRNL
G126 313516090312301 Allen Smith NESW08 07N O07E 505 97 121CRNL
G127 313534090322001 Francis M, Case SWNEO7 O7N O07E 430 70 121CRNL
G128 313407090315001 Debra Case SWSW17 07N 07€ 474 100 121CRNL
G130 313550090312501 Jimmie King NENWO8 07N 07 485 65 121CRNL
G131 313522090301501 John Pounds NWSEQ9 Q7N 07E 425 140 122M0CN (B)
G132 313414090303801 Jane Case SWSW16 07N O07E 462 34 121CRNL
G133 313444090314601 Rosy Reed SWNW17 07N O07€ 480 120 121CRNL
G134 313452090315601 Danial Brogden NENE18 07N 07E 462 -
G135 313500090315301 W C Little SWSW08 07N O07E 475 140 122M0CN (A)
G136 313522090322901 Nettie Case SWSW08 07N O07E 468 60 121CRNL
G137 313530090322301 Maurice Lanny Case SWNEQ7? 07N O07E 480 75 121CRNL
G138 313532090324501 Dallas Anding SWNW07 07N 07E 490 85 121CRNL
G139 313536090322601 Curtis Nations SWNWO7 07N O7E 495 93 121CRNL
G140 313539090324401 Winnie Smith NWNWO7 0O7N O7E 485 80 121CRNL
Gl41 313558090325501 Dykes A, Britt NENE12 07N O7E 463 70 121CRNL
Gl42 313440090294201 T, Banks SWNW15 07N O7E 463 40 121CRNL
G143 313341090312501 Harold Case SENE19 O7N O07E 497 80 121CRNL
Gl44 313334090305901 Paul M Lewis NESW20 07N O07E 481 100 121CRNL
G176 313357090310801 A C Lofton NWNE20 07N O07E 482 55 121CRNL
G177 313401090311501 W K Wilkinson NWNE20 07N O7E 455 120 121CRNL
G178 313631090312001 Sam C Smith NWNEOS 07N O07E 468 60 121CRNL
G179 313357090312101 John Jordan NWNE20 07N 07E 492 80 121CRNL
G180 313349090312101 Aaron Acord SWNE20 07N Q7E 490 147 122M0CN (A)
G182 313356090312101 John Jordan NWNE20 07N O7E 492 140 122MOCN (A)
121CRNL Citronelle Formation

122MOCN (A) Layer A of the Hattiesburg Formation
122MOCN (B) Layer B of the Hattiesburg Formation
122MOCN (C) Layer C of the Hattiesburg Formation
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Table 3.--Records of control wells in northwestern Lincoln County

Station Alti- Well Water-
Map Well identification Location tude depth bearing
number number number Owner Sec. T. R. (ft) (ft) unit
1 B042 313743090363801 Kent Calcote SENW33 08N 06E 480 40 121CRNL
2 B043 313736090350801 Donald Durr SESE28 08BN O06E 480 110 121CRNL
3 FO036 313430090352401 Mrs. J.W. Watts NWSE15 07N G06E 460 100 121CRNL
4 F037 313610090354201 Charles Smith NESW03 Q7N O06E 460 55 121CRNL
5 F038 313258090343401 Jaudon Smith SENW26 Q7N Q06E 475 72 121CRNL
6 F039 313206090353901 Ruth Watts SENW34 Q7N 06E 485 80 121CRNL
7 FO40 313128090333701 Steve Case SESW36 07N O06E 480 120 121CRNL
8 F041 313504090344301 Paul B. Smith SWSW11 07N G06E 450 80 121CRNL
9 G175 313218090292401 Stanley Smith NENW34 07N O7E 450 70 121CRNL
10 L027 313058090314301 Paul Porter NWSWOS 06N O7E 485 80 121CRNL
121CRNL-Citronelle Formation
Table 4.--Location and drainage area of surface-water sampling sites
Site
Site identification Location Drainag%
number  number Station name Lat, Long. area(mi4)
Copiah county
1 07290935 Sweetwater Creek nr Midway, Ms. 314208 0903631 11.25
Lincoln county
2 02490241 West Bogue Chitto Trib. No. 1 313458 0903015 1.47
3 02430245 West Bogue Chitto Trib. No. 2 313402 0903030 1.97
4 02490246 West Bogue Chitto nr Zetus, Ms. 313340 0902943 18.51
5 02490248 Doolittle Creek nr Zetus, Ms. 313308 0903006 4.92
6 07290217 Bayou Pierre nr 01d Red Star, Ms. 313907 0903224 4.30
7 07290218 Bayou Pierre Trib. at 0ld Red Star, Ms. 314010 0903127 2.96
8 07291217 Shaws Creek Trib. nr Red Star, Ms. 313732 0903117 1.68
9 07291223 Shaws Creek Trib. no. 2 nr Red Star, Ms. 313626 0903206 1.26
10 07291225 Shaws Creek nr Vaughn, Ms 313559 (903308 9.01
11 07291229 Shaws Creek Trib. no. 3 nr Red Star, Ms. 313540 0903336 4.18
12 07291230 Shaws Creek nr Red Star, Ms. 313540 0903348 13.83
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